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MALNUTRITION AND
'NITY - A BRIEF REVIEW AND
MINARY RESULTS®

F. B. Bang and B. G, Bang@

| 10 a mysiad of viruzes and bhave mazor defects
n may be visualized as the conscquence of three

ct (Fig. 1) yet which must be consideréd separately;
t." . - B

Immunology is the most rapidly developing ficld involved in the interaction, and a
diagram of present understanding of the sequence of events in the immune system (Fig. 2)
may serve to clarify discussion. Somne relations between the three important cell types in
immune response are indicated: the T lymphocyte, the B lymphocyte, and the macrophage.
Detailed sequential studies of labelled cells, and of cell replacement after lethal irradiationl
have identifica the bone marrow as the source of all three cell types,

.
@ The Johns Hopkins Univercity, Cznter for Medical Rescarch, Caleutta, India
Paper presented at sixsth All Nepal Medical conference.

* The tests which provided the preliminary data on the T and B cells represent current work at
the lostitute of Cbild Health in collaboration with Dr. K. L. Mukherje¢ and Dr. D. Mahalanabis.
In a refated program, Dr. D. Sinha is studying the relationsbip of Yitamin, A deficiency to infec-
tion in Jhalda in Western West Bengal, |

b Recognizing this, the WHO has published protocols for the study of immune mechanjsms in diffe-
Teot areas of the world, since both in different areas of the world, since both infections and dicts
vary locally 11. we ars happy to be part of this comparative program,
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Fig, 1.

The diagrams shows that a lymphecyte derived from bone marrow may develop into
cither of two functional cell types. 1t may pass threugh the thymus where it acquires the.’
capacity for direct action against antigen and can thence-forward function in ccll—mcdiat_cd__;
immune responses, This is a “T” cell, Or a stem lymphocyte may pass through a specialized
lymphoid organ system associated with the gut: the Bursa of Fabricius in the case of birds, -
a funciionally equivalent-probably diffused-system in mammals, where it acquires the cape-
city o syn_ihcsizp particular immunoglobulins, This is a “B+ cell.

- Macrophages, also derived from the bone marrow, may home to lymphoid nodules
and spread outto -form a netwark of processes which have the ¢apacity to trap and hold
antigens, ' T and B cells 'may: enter such a nodule, with antigenic. stimulus they . may
.nteract in such a way that'the'T cells ave stimulated to reproduce rapidly so that the' nodule
increases greatly in size and forms an active “‘gzrminal csater” for production' of antigen-
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ceactive cells. Antigen-reactive T cells may thus cither circulate through the body and engage
antigens at parucule.r sites, or may act locally on trapped antigens. B cells may assist in thc
{esponse to tMPPCd ﬂn“gCDS or may circulate and produce humoral ummunoglobulma
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Fig, 2.

The T cellis the lymphocyte responsible for cell-mediated immune responses such
as graft-versus-host response, response to invading tumors, to virus-infected cells, and to
tubercle bacilli, Until recently there was no method by which T cells could be studied’
in vitro because pure preparations of lymphocytes could not be obtained, One of the
m:thods now used to obtain nearly pure lymphocytes is to pass freshly drawn . blood through
a methylcellulose- isopaque gradient® of a specific density wiich allows most blood cells
ether than lymphocytes to sediment through the gradient so that a quite pure layer of lym-"
phocyles remains resting on the surface of the gradient. We arc currently using this
method to obtain preparations of lymphocytes.

_ we will emphasize c:ll-mediated immune responses in the discussion which follows,
primarily because current data on the effcct of nutrition on serological immunity are un-
clear and inconclusive. S s

The anatomy of the immune system is becoming. clearer, and earlier clues can be p!accd
in_perspective, Thymic atrophy in starvation has long been rccogmzed For enmplc as early
as 1937 Vint® showed that children with kwashiorkor had atrophic lhymuses We bece
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ame interested in the three-compartment interaction during studies of virus-infected malnoi
urished chickens, for we found that the combination of vitamin A deficiency and amyé_ s
ovirus infection bad a remarkable effect on lymphoid tissues.* The combination wisl
catastrophic in 1hat both the thymus and the bursa were depleted of lynphocytes from 3
critical cortical arcas of the respective organs. The vitamin deficiency alone or the infectiogf

alone had enly moderate effects.

This effect was reminiscant of the fact that childern with kwashiorkor fail to respond 42
live yellow fever vaccine®. Also, it was shown 60 years ago that children with mcaslci
had depressed tuberculin responses, and more recently Harland showed that in Ugands
kwashiorkor itself suppressed the tuberculin reaction®. The tuberculin reaction is nows
known to be a primary manifestation of cetl-mediated immunity, Uganda incidentally is onel
of the Aftican areas (Nigeria is another) where the unholy alliance of measles and k\va}
shiorkor causes 100 times more child mortality than does measles in the normally nou]
rished”. In the casc o measles-kwashiorkor, a child is the victim of the double effect’

of cach factor on the cell-mediated itnmune response,
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In this connection recent studies on tumor immunity have shown that those patients
who can become semsitized to the rare chemical compound dinitroahlorobenzene (DNCB)
are better able 1o combat their own tumor cells than patients who fail to become sensi.g
tized®, With our associations we have used the DNCB skin test to study responses in¥
malnourished adulls (Table 1) and infants (Table 2) and results indicate that refeeding
usvaly, but not always, restores the normal capacity of T cells to mount a delayed im-3
mune response to a new antigen, Similar results have been recemly puhlished from Th-.i
ailand®. Thus the population of T cells available to the mualnourished individual appa--:
rently cannot recognize a new antigen. B

Perhaps the most important single paper in .the recent literature on the cell-mcdia--
ted immune ( c.m.i. ) response is that of Smythe and his collcagues in South Africa™. 3
With combined clinical, anatomical and laboratory methods they showed that children §
with protein-calorie malnutrition have defective c.m.i. rcspons;cs related primarily to the g}
T cell system, We arc attempting to apply one of the recently developed immunologic §
methods of measuring T and B cell responses in malnourished infants from the time of §
hospital admission through refeeding. The antigen-reactive T Jymphocyte population in cir- 3
culating human blood can be measured by determining the percentage of purified washed :
lymphocytes which will absorb sheep erythrocyles into their surfaces, forming an aggrc-"
gation around the lymphocyte which, in the microscope, simulates a “rosette’. This is a:
T cell rosette. B cells are identified in a similar way by using sheep erythrocytes treated
by antibody and complement in amounts which do not hemoloyze the erythrocytes.?

~Results

Our studies is the Institute of Child Health are quite preliminary. One infant with
kwashiorkor had very low T and B cell ‘responses which both improved markedly after several
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weeks' refeeding but were low again after her second sensitization with DNCB ( Fig. 3).
Combined records of 6 children admitted with kwashiorkor or marasmus indicate thus far
that kwashiorkor depresses both, T and B cells while marasmus does not, Obviously an exten-
sive group of children must be studied before relative data ate established. Butsuch data will
not be uncomplicated, For example, as we study normal adults we find that the proportion of
their T cells decreases sharply during acute respiratory infection: Ass-uming “that this is also
true in childien, the multitude of viruses that infect infants in the crowded living conditions
in developing areas of the world may participate in the story of kwashiorkor.

N n

0 2 4
KWASHIORKOR

Results of tests for T and B cell rosetting values ip o body with kwashiorker, Tests were at 2
week intervals, By the 6th week T cell values rose, were maintained for a month. A 2nd sensitizing

dose of DNCB (S3) was given & week before the next test, when a low roseiting value resulted, White

bars-T cells; biack bars-B cells,

In summary, it may be said that the interactions of the components diagrammed in
Fig. 1 are apparent in three situations in our study so far : (1) the malnourished child is expo-
sed o a myriad of viral agents, (2) there is a clear synergistic eflect between malputrition and
infection on the immune system in experimantal models, and (3) there is T cell depression in
children with kwashiorkor, and in normal adults during acute respiratory infection. The
interaction of nutrition and virus infection on the immune system nceds continued study in
the laboratory and in human populations, especially in Infants.
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TABLE I. - -

ADULTS ( SMITH )

Before Therapy After

s! - c c? 52 ¢

i
« 8d + 4+ 12wk o+ ;
+  12d + Twk ++ }
*+ 144 0 7wk 0 ¢ 2wk +++ ]
* 134 0 7wk 0 * 2wk 4+ 1
* 14d + 6wk O * 2wk +++ %
* 144 + i

Of 6 adults 3 were sensitized with DNCB (Sy). Of these 6 three failed to respond tn‘_:'i
challenge doses ( G' and C* ) before refecding. After refeeding and following a second sensi-;
tizing (8?) dose all three gave positive respcnsc to the 3rd challenge (C?),

TABLE 2

T A O B Lo N

INFANTS ( MAHALANABIS )

{

No. S, T, s, T, T, T, l
1 (K) | 0 | 0 0 0
5(M) | 0 + ++
6 (K) | 0 + 4+ 0 0
8 (K) | 0 ' 0 . 4!

" Al 4 malnourished infants sensitized with DNCB before refeeding (8') and challenged
soon after (T, ) all failed to respond. After a sscond sensitizing a single marasmic infant hzde_
';Soéit{\=c response to  the scnsitizing and subsequent  test doses. None of the 3 kwashiorko_'\.
" children responded positively to 2nd, 3rd or 4th challenges ( Ty, Ts, To) including oﬁcl'wh&?‘: '

was sensilized a second time { 5,5} i
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